1 mmol) and 2-(2-(2-(2-(4-vinylbenzyloxy)ethoxy)ethoxy)ethoxy)ethanol (7.0 g, 22.6 mmol) in chloroform (12 mL). The mixture was then degassed by sonication under argon. After stirring for 48 hours at room temperature, the resulting viscous polymer solution was slowly poured into diethyl ether. The solvent layer was then decanted and the remaining precipitated polymer was washed with diethyl ether several times. The polymer was then dissolved in THF and the same precipitation, decantation and washing procedure was repeated two more times before being dried in vacuo to afford the co-polymer as a colourless viscous liquid (7.4 g, 54%). 2 The molar ratio of the components was determined by 1 H NMR analysis in CDCl 3 (x: y: z = 32 : 34 : 34). Note: The stabilisers in commercially available styrene were removed by passing it through a short column of basic alumina before use.
2-2 PI/CB-Au/Pd
Fabrication:
Diglyme (30 mL) and Ketjenblack EC300J (500.0 mg) were added to a 200 mL round bottom flask charged with the co-polymer (500.0 mg) and a stirring bar. Then, a diglyme solution of NaBH 4 (107.0 mg, 2.82 mmol) was added. The suspension was cooled in an ice-bath and stirred under open-air until the Ketjenblack was evenly dispersed. To this suspension was slowly added a diglyme solution (6 mL) of AuClPPh 3 (138.4 mg, 0.28 mmol) and Pd(OAc) 2 (63.0 mg, 0.28 mmol) mixed together. The ice-bath was removed and the mixture was allowed to stir overnight at 30 ºC. Diethyl ether (200 mL) was then added dropwise over one hour and the resulting mixture was vacuum-filtered. The black solid cake obtained at the top of the funnel was rinsed carefully with diethyl ether. The solid was crushed lightly with a mortar and pestle before being transferred to a 100 mL round bottom flask. The flask was flushed with argon and then placed in an oil bath (pre-heated to 170 ºC) for 4 h. After allowing the flask to cool to room temperature, THF and water (100 mL respectively) were added and the suspension was stirred vigorously overnight to remove boron. The suspension was then vacuum-filtered and the residue on top of the filter funnel was rinsed with water, THF and DCM in that order two times. The residue was then ground with a mortar and pestle before being dried in vacuo overnight to afford PI/CB-Au/Pd (1.01 g). Au loading: 0.240 mmol/g, Pd loading: 0.214 mmol/g. 
S-5
Procedure for the preparation of the sample for ICP analysis: Approximately 10 mg of PI/CB-Au/Pd measured carefully (amount measured was recorded) and heated to 200 ºC in H 2 SO 4 (1 mL). HNO 3 was added dropwise until all solid had dissolved and no more brown fumes were observed. The mixture was cooled to room temperature and aqua regia (1 mL) was added slowly. The resulting mixture was made up to 50 mL with water in a volumetric flask and the resulting solution was subjected to ICP analysis.
STEM/EDS analysis:
STEM analysis indicated that metal nanoparticle size distribution was good and EDS mapping analysis indicated that alloyed bimetallic Au/Pd nanoparticles had formed. Procedure for the N-alkylation of primary amides and characterisation of products
3-1 General procedure for the N-benzylation of benzamide (GC analysis)
A Carousel® tube (image on the left) was charged with benzamide (30.3 mg, 0.25 mmol), PI/CBAu/Pd (11.1 mg, 0.0025 mmol wrt Au) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, additives, if any, were added (e.g. Ca(OTf) 2 (4.2 mg, 0.0125 mmol)) and the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. Benzyl alcohol (81.1 mg, 0.75 mmol) and toluene (0.5 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and the GC internal standard (dodecane) was added. An aliquot was passed through Celite into a GC phial and the clear solution was subjected to GC analysis.
3-2 N-Alkylation of primary amides and characterisation of products
General procedure as exemplified using benzamide and benzyl alcohol:
A Carousel® tube was charged with benzamide (1a, 30.5 mg, 0.25 mmol), PI/CB-Au/Pd (10.6 mg, 0.0025 mmol wrt Au) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, Ba(OTf) 2 (5.1 mg, 0.0117 mmol) was added and the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. Benzyl alcohol (2a, 81.0 mg, 0.75 mmol) and deoxidised toluene (0.5 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and the catalyst was filtered off via vacuum filtration. The filtrate was concentrated and the crude obtained was purified by preparative TLC. After eluting with ethyl acetate, the solvent was removed via reduced pressure and then the pure product was dried under high vacuum for more than 1 day. White solid obtained (3aa, 50.5 mg, 95%). 
N-benzylbenzamide

3-3 Recovery and reuse of catalyst & leaching test
At the end of the reaction, the Carousel® tube was removed from the Carousel® parallel synthesiser and allowed to cool to room temperature. The crude (with catalyst) was then diluted with ethyl acetate and spiked with dodecane (GC internal standard). An aliquot was passed through a thin pad of Celite into a GC vial for GC analysis. The remaining solution/suspension was vacuum filtered carefully with 8 mm filter paper (made for the Kiriyama funnel) to separate the catalyst from the organic compounds. The catalyst was then washed carefully with ethyl acetate on top of the funnel (with the vacuum still turned on) and then dried in vacuo while it was still on the filter paper and funnel. After 1 day, the recovered catalyst was transferred carefully to a new Carousel® tube for the next run. In the case of Ba(OTf) 2 , an appropriate amount of additional Ba(OTf) 2 was added in each run. On the other hand, in the case of Ca(OTf) 2 , no additional Ca(OTf) 2 was added in the subsequent runs after the first.
For the reactivation of the catalyst, after the transfer of the recovered catalyst to a new Carousel® tube, the catalyst was heated by lowering the tube (unsealed) into a 170 ºC oil bath for 5 hours and then cooled to room temperature before reagents were added. The scale of the reaction was changed according to the amount of catalyst recovered from each run. 11 [b] yield (%) [ [a] Determined by GC analysis with dodecane as the internal standard.
[b] No leaching of Au or Pd was detected (under detection limit; determined by ICP analysis).
[c] The recovered catalyst from the previous run was reactivated before use.
[d] Recovered catalyst was treated with DCM and no additional Lewis acid was added for the new run.
Work-up procedures using only dichloromethane:
The crude mixture (with catalyst) was diluted with dichloromethane and dodecane (GC internal standard) was added. An aliquot was passed through a thin pad of Celite into a GC vial for GC analysis. The remaining solution/suspension was vacuum-filtered carefully with 8 mm filter paper (made for the Kiriyama funnel) to separate the catalyst from the organic compounds. The catalyst was then washed carefully with dichloromethane on top of the funnel (with the vacuum still turned on) and then dried in vacuo while it was still on the filter paper and funnel. The subsequent procedures are the same as those described above. 
4-4 Possible disproportionation-like reaction during the initiation stages of the reaction
4-5 Control experiment (1) -Reaction with water
A Carousel® tube was charged with PI/CB-Au/Pd (12.0 mg, 0.0025 mmol wrt Au), 4-Methylbenzyl alcohol (99.6 mg, 0.84 mmol), benzamide (33.8 mg, 0.28 mmol) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, Ba(OTf) 2 (5.7 mg, 0.013 mmol) was added and the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. Deoxidized toluene (0.5 mL) and water (0.1 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and the GC internal standard (dodecane) was added. An aliquot was passed through Celite into a GC phial and the clear solution was subjected to GC analysis. A Carousel® tube was charged with PI/CB-Au/Pd (12.5 mg, 0.0025 mmol wrt Au), benzamide (31.3 mg, 0.26 mmol) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, Ba(OTf) 2 (6.2 mg, 0.014 mmol) was added. Deoxidised toluene (0.5 mL) and 4-methylbenzaldehyde (119.6 mg, 0.98 mmol) was added, and then a three-way cock was attached to the tube. A balloon filled with H 2 was attached and the tube was flushed with hydrogen gas 10 times. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. 10 mL of 1 to 1 mixture of ethyl acetate and hexane was added to dilute the mixture and a suspension of a white solid was obtained. The suspension was then vacuum-filtered and the residue on top of the filter funnel was rinsed with 1 to 1 mixture of ethyl acetate and hexane. The residue was collected and dried under vacuum. N,N'-(pTolylmethylene)dibenzamide (5a) was obtained as white solid (35.9 mg, 81%). No N-(4-methylbenzyl)benzamide (3ab) was obtained. 
4-7 Control experiment (3) -Formation of N,N'-(p-methylphenylmethylene)dibenzamide (N,N'-diamide)
A Carousel® tube was charged with benzamide (31.5 mg, 0.26 mmol) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, Ba(OTf) 2 (6.0 mg, 0.014 mmol) was added and the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. 4-Methylbenzaldehyde (28.6 mg, 0.24 mmol) and deoxidized toluene (0.5 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. 10 mL of 1 to 1 mixture of ethyl acetate and hexane was added to dilute the mixture and white solid suspension was obtained. The suspension was then vacuum-filtered and the residue on top of the filter funnel was rinsed with 1 to 1 mixture of ethyl acetate and hexane. The residue was collected and dried under vacuum. N,N'-(pmethylphenylmethylene)dibenzamide (N,N'-diamide) (5a) was obtained as white solid (35.4 mg, 79% based on the amount of benzamide). 
4-8 Control experiment (4) -Formation of N,N'-(p-methylphenylmethylene)dibenzamide (N,N'-diamide)
A Carousel® tube was charged with benzamide (31.8 mg, 0.26 mmol) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, Ca(OTf) 2 (4.0 mg, 0.012 mmol) was added and the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. 4-Methylbenzaldehyde (28.6 mg, 0.24 mmol) and deoxidized toluene (0.5 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. 10 mL of 1 to 1 mixture of ethyl acetate and hexane was added to dilute the mixture and a white solid suspension was obtained. The suspension was then vacuum-filtered and the residue on top of the filter funnel was rinsed with 1 to 1 mixture of ethyl acetate and hexane. The residue was collected and dried under vacuum. N,N'-(pmethylphenylmethylene)dibenzamide (N,N'-diamide) (5a) was obtained as white solid (40.1 mg, 89% based on the amount of benzamide).
4-9 Control experiment (5) -Formation of N,N'-(p-methylphenylmethylene)dibenzamide (N,N'-diamide)
A Carousel® tube was charged with benzamide (31.3 mg, 0.26 mmol) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. 4-Methylbenzaldehyde (28.6 mg, 0.24 mmol) and deoxidized toluene (0.5 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. 10 mL of 1 to 1 mixture of ethyl acetate and hexane was added to dilute the mixture and a white solid suspension was obtained. The suspension was then vacuum-filtered and the residue on top of the filter funnel was rinsed with 1 to 1 mixture of ethyl acetate and hexane. The residue was collected and dried under vacuum. N,N'-(p-methylphenylmethylene)dibenzamide (N,N'-diamide) (5a) was obtained as white solid (34.7 mg, 78% based on the amount of benzamide).
4-10 Control experiment (6) -Transfer hydrogenation from the N,N'-diamide
A Carousel® tube was charged with PI/CB-Au/Pd (10.3 mg, 0.0025 mmol wrt Au), 4-Methylbenzyl alcohol (86.0 mg, 0.70 mmol), N,N'-(p-Tolylmethylene)dibenzamide (45.0 mg, 0.13 mmol) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, Ba(OTf) 2 (7.7 mg, 0.017 mmol) was added and the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. Deoxidized toluene (0.5 mL) were added, and then the part of + the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and the GC internal standard (dodecane) was added. An aliquot was passed through Celite into a GC phial and the clear solution was subjected to GC analysis.
4-11 Control experiment (7) -Transfer hydrogenation from N,N'-diamide derived from aliphatic aldehyde
Similar procedure as elaborated in Section "4-10 Control experiment (6) -Transfer hydrogenation from the N,N'-diamide". The crude mixture obtained was concentrated and then purified using preparative TLC. However, the two products were inseparable and we determined the yields by 1 H NMR analysis.
Preparation of N,N'-(3-phenylpropane-1,1-diyl)dibenzamide (5b)
This compound was prepared using the method shown in Section 4-9 with benzamide and 3-phenylpropanal as the starting materials. 
4-12 Control experiment (8) -Disproportionation reaction
A Carousel® tube was charged with 4-methylbenzylalcohol (1b, 113.9 mg, 0.93 mmol), PI/CB-Au/Pd (12.0 mg, 0.0025 mmol wrt Au) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. Deoxidised toluene (0.5 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and dodecane (GC internal standard) was added. An aliquot was passed through a thin pad of Celite into a GC vial for GC analysis. Yields of products were determined by GC analysis. 
4-13 Control experiment (9) -Disproportionation reaction with Ba(OTf) 2
A Carousel® tube was charged with PI/CB-Au/Pd (11.8 mg, 0.0025 mmol wrt Au) and a stirring bar. The carousel tube was then placed in an argon-filled glovebox. In the glovebox, Ba(OTf) 2 (12.0 mg, 0.0275 mmol) was added and the tube was sealed tightly with a septum. The septum was also taped tightly to the tube and the tube was then removed from the glovebox. 4-Methylbenzyl alcohol (125.3 mg, 1.03 mmol) and deoxidized toluene (0.5 mL) were added, and then the part of the septum where the syringe needle went through was covered with tape. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and the GC internal standard (dodecane) was added. An aliquot was passed through Celite into a GC phial and the clear solution was subjected to GC analysis.
4-14 Control experiment (10) -Hydrogenation of aldehyde
A Carousel® tube was charged with 4-methylbenzaldehyde (123.8 mg, 1.03 mmol), PI/CB-Au/Pd (11.6 mg, 0.0025 mmol wrt Au) and a stirring bar. Deoxidised toluene (0.5 mL) was added, and a three-way cock was attached to the tube. A balloon filled with H 2 was attached and the tube was flushed with hydrogen gas 10 times. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and dodecane (GC internal standard) was added. An aliquot was passed through a thin pad of Celite into a GC vial for GC analysis. Yields of products were determined by GC analysis.
4-15 Control experiment (11) -Hydrogenation of alcohol
A Carousel® tube was charged with 4-methylbenzaldehyde (118.4 mg, 0.97 mmol), PI/CB-Au/Pd (11.9 mg, 0.0025 mmol wrt Au) and a stirring bar. Deoxidised toluene (0.5 mL) was added, and a three-way cock was attached to the tube. A balloon filled with H 2 was attached and the tube was flushed with hydrogen gas 10 times. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and dodecane (GC internal standard) was added. An aliquot was passed through a thin pad of Celite into a GC vial for GC analysis. Yields of products were determined by GC analysis. A Carousel® tube was charged with 4,4'-(oxybis(methylene))bis(methylbenzene) (116.1 mg, 0.51 mmol), PI/CB-Au/Pd (11.2 mg, 0.0025 mmol wrt Au) and a stirring bar. Deoxidised toluene (0.5 mL) was added, and a three-way cock was attached to the tube. A balloon filled with H 2 was attached and the tube was flushed with hydrogen gas 10 times. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and dodecane (GC internal standard) was added. An aliquot was passed through a thin pad of Celite into a GC vial for GC analysis. Yields of products were determined by GC analysis.
4-16
4-17 Control experiment (13) -Transfer hydrogenation of ether
A Carousel® tube was charged with 4,4'-(oxybis(methylene))bis(methylbenzene) (70.3 mg, 0.31 mmol), PI/CB-Au/Pd (10.3 mg, 0.0025 mmol wrt Au) and a stirring bar. Deoxidised toluene (0.5 mL) was added, and a three-way cock was attached to the tube. A balloon filled with Ar was attached and the tube was flushed with argon gas 10 times. The tube was then placed on a Carousel® (parallel synthesiser from Radleys) that had been preheated to 150 ºC and it was left to stir for 18 hours, after which it was allowed to cool to room temperature. Ethyl acetate was added to dilute the mixture and dodecane (GC internal standard) was added. An aliquot was passed through a thin pad of Celite into a GC vial for GC analysis. Yields of products were determined by GC analysis.
4-18 Procedure for profiling of reaction
Each data point at a particular time on the reaction profile represents the data obtained from one independent experiment. In other words a number of reactions were set up at the same time with exactly the same conditions. The amount of catalyst and substrate used were the same as well. Each reaction was then removed from the heating plate after the stipulated time for that particular reaction. The reaction mixture was allowed to cool to room temperature. Ethyl acetate was then added to dilute the mixture and the GC internal standard (dodecane) was added. An aliquot was passed through Celite into a GC phial and the clear solution was subjected to GC analysis. 
4-19 Reaction profile without Ba(OTf) 2
Yield was calculated based on the amount of benzamide. i.e., 0.25 mmol = 100% 4-20 Reaction profile with Ba(OTf) 2 Yield was calculated based on the amount of benzamide. ie. 0.25 mmol = 100% Even at the same concentration of benzaldehyde (approx. 0.55 eq, 1 h), the rate of product formation was significantly faster when Ba(OTf) 2 was used, as compared to when MgSO 4 was used. 
4-24 Full consumption of alcohol when benzamide is present
